Abstract. Eyelashes and reflections occluding the iris region are noise factors that degrade the performance of iris recognition. If these factors are not eliminated in iris segmentation phase, they are incorrectly considered as the iris region. Thus, produce false iris pattern information which decreases the recognition rate. In this paper a statistical approach is used to improve iris segmentation phase eliminating this noise from none constrain images, which is composed in three parts, finding the pupil and limbus boundary, reflection detection and eyelash detection. First an edge map is calculated using canny filter then the Circular Hough Transform is used to improve circle parameter finding. An intensity variation analysis is use to recognize a strong reflection. Eyelashes are classified in two categories, separable and multiple. Intensity variances are used to detect multiple eyelashes and an edge detector to localize separable eyelashes. The results show that statistics are useful to decide when is necessary applied the eyelash detector.
Introduction
Iris recognition, is the most reliable biometric in terms of recognition and identification performance [1] . However, the performance of these systems is affected by inaccuracy segmentation [2, 3] . Indeed, the false iris region information decreases the recognition rate [4, 5 and 6] . It is therefore importance to identify the source of noise such as eyelashes and reflections for improving the quality of the segmentation and then the performance of the iris recognition. In the previous iris segmentation approaches [7, 8] this noise is not considered, just the inner and outer boundary of an iris is founded. The aim of this paper is to improve iris segmentation method using a statistical approach and decide when eyelashes and reflection detection is necessary to remove these noise from the image and improve the accuracy of the iris recognition.
The remainder of this paper is organized as follows. Section 2 reviews the reflection detection; in section 3 and 4 discuss inner and outer boundary detection of an iris and the eyelash detection model, respectively. Implementation, results and discussion are presented in section 5. Finally, in section 6, we draw discussion and give suggestions for future work.
Reflection Detection
Iris recognition system needs to avoid reflection that could degrade the recognition performance. However, strong reflection may be present if the illumination is not adapted or the subject uses contact lenses, also some jewelry can reflect in to the eye too. In this case, the value of intensity of a pixel with a strong reflection should be larger than a certain threshold [6] . A strong reflection can be recognized by a simple inequality, f(x,y)>K 1 , where f(x,y) is a pixel in an image and K 1 is taken as 180, used in the following experiment after an histogram analysis of the grey scale intensity of the pixels.
Inner and Outer Boundary Detection of an Iris
Eye image contains pupil, iris, eyelids, eyelashes, sclera regions. However, for iris recognition the only area of interest is the iris region which has the patterns that are reported to remain unchanged over a life time [1] , and they cannot be easily forged or modified. These patterns are delimited by the inner and outer boundary. The inner boundary is the circle which delimits de pupil and the iris region. On the other hand, outer boundary delimits the iris and the sclera. These two circles can be taken as two non concentric circles [9] . To define the each boundary and extract the iris region; the first step is to conduct edge detection to get the edge map of the eye images using a canny filter. The second step is to perform the circular Hough transform (CTH) [10] . The CTH is a "voting based" computational algorithm. For each boundary is necessary to obtain the coordinates of the center of the circle and the radius length. The CHT is used to transform a set of feature points in the image space into a set of accumulated votes in a parameter space. Then, for each feature point, votes are accumulated in an accumulator array for all parameter combinations. The array elements that contain the highest number of votes indicate the radius length and the coordinates of the center. The Circular Hough Transform [11, 12] has been implemented as follows:
1. An binarized edge map is calculated using a canny filter 2. Count each pixel in an edge map and obtain its position (x i ,y i ), where i is the total pixels in an edge map. 3. Set the radius range to find the boundary of interest. 4. Compute Circular Hough Transform.
for pixeledge=1 to i. for r=1 to maximum radius wanted for y=1 to maximum row in an edge map Compute x k represents the possible coordinate x of the center of the circle, r is the radius, y is the row in an edge map, y i and x i are the positions of a pixel in an edge map. After x k is calculated the accumulator array is increased as follows ACC(y,x k ,r j )=ACC(y,x k ,r j )+1 end all loops.
5. Obtain the maximum value in the accumulator array to get (x, y) coordinates which belong to the center and radius length r of the circle of interest. 6. Repeat from step 3 and modify the radius range to obtain the outer boundary This algorithm requires a radius range where the radius of interest could be located and the position of the pixels which belong to an edge map. First, the inner boundary is found; secondly, the algorithm finds the outer boundary. For each position in an edge map this algorithm generates a circle for each value in the radius range. The point where the majority of the circles intersect, that point will be the center of the boundary of interest.
Eyelash Segmentation
Two classes of eyelashes are defined, separable and multiple eyelashes. Separable eyelashes are defined as the eyelashes that can be distinguished from other eyelashes and multiple eyelashes are the eyelashes that overlap in a small area [6] .
Separable Eyelashes
Separable eyelashes can be distinguished from other eyelashes [4] ; the pixels around separable eyelashes should not belong to others. Because of the intensity difference between iris pixels and eyelash pixels, a separable eyelash can be regarded as an edge in an image. Base on this property, a real part of Gabor Filter [13, 14, 15] is proposed to detect separable eyelashes, which, is in the spatial domain has the following general form.
Where the frequency of the sinusoidal wave is , the standard deviation of the Gaussian envelope is and the parametric component which represent the real part of the Gabor filter is x. In fact, the filter works as an edge detector. If the resultant value of a point is smaller than a threshold, it is noted that this point belong an eyelash. This approach has been implemented by the follow algorithm.
1. Gabor filter is applied after strong reflection detection (cf. section 2) and iris localization (cf. section 3). 2. Compute the gradient direction and quantify the result in four angles 0, 45, 90, 135 degrees. 3. Set the frequency of the sinusoidal u = ¼π. ½π, ¾π. 4. Calculate component x. 5. Obtain Gabor filter coefficients using equation (1). 6. Spatially convolve image with the filter to get the enhanced image. 7. Eliminate the pixels which belong to an eyelash.
This algorithm, use Gabor filter to enhance the pixels and eliminates the separable eyelash. The filter is divided in different frequency scales, to ensure that the same proportion of the spectrum is covered in both dimensions. In this experiment three different frequencies are used. The first frequency used was ¼ , then ½ and ¾ . The result is a set of filters [15] that covers one half of the frequency plane, the other half of the plane is not needed because the extra filters would have the same response as the existing ones.
Multiple Eyelashes
Many eyelashes overlap in a small area. Such that, the change of intensity variation in this area is almost zero. Thus, is necessary to obtain the variance of the intensity in this area and verify if is smaller than a threshold. It can be described [6] as:
Where M is the mean of intensity in the small window; (2N+1) 2 is the window size and K 2 is a threshold.
Implementation and Results
In the experiments we test the segmentation system with 150 images from the MBGC NIR eyes still data base [16] . This contains 8590 eyes images. In this data set were acquired using an Iridian LG EOU 2200 camera.
The figure 1 shows a diagram with all the steps to obtain accurate iris segmentation. Once the eye image is obtained, the first step consist in verify if it has a strong reflection (cf. section 2). Then an edge map is calculated using canny filter to improve circle parameter finding. We use CHT to calculate iris/pupil circle parameter. The algorithm uses these parameters to extract the iris region (cf. section 3). However, after eye data base analysis, it shows that it is more probable to find eyelash just in the region near at the upper eyelid or lower eyelid than the region where the pupil exist. Thus it is necessary to decide when the Gabor filter should be used. To resolve this issue, this algorithm divides the extracted iris region in three blocks (upper, middle and lower).
After extracted iris region is divided, the algorithm calculates the mean µ and the standard deviation σ of the whole region. Then the algorithm calculates the mean µl and the standard deviation σl for each j block. To determine which block has eyelash occlusion is important to analyze the intensity of the pixels. Due to changes of intensities, we conclude that: if one block has eyelashes the difference between the pixels is significant. Such that, its mean and standard deviation are bigger than the statistical values of the whole region (condition 3) then the eyelash segmentation algorithm is computed.
µ <µl and σ <σl
As a result we eliminated the eyelashes from the iris region without changing the original iris pattern. In other words, after removing the eyelashes region we obtain an accurate iris pattern free of any noise either from reflection or eyelash occlusion which will improve iris recognition performance. On the other hand, we compare our segmentation method versus Libor's Masek segmentation and eyelash detection method [17] . This algorithm eliminated the eyelashes by occluding them through a rectangle. The results show that our segmentation is accurate, it performed eyelash detection and it is 90% faster than Libor Masek. Some examples are shown in figure 2 which is distributed at the left row, is the original image, in the center row is the iris extracted from our algorithm and the right row is the iris extracted using Libor's method. Where images a) and b) shows that our algorithm finds the region of the eyelashes. The eyelashes issue increases when they are coated; due to the similitude of intensities between the pupil and eyelash pixels. From the image c) the algorithm could extract the iris region. The image d) shows the accuracy of our iris segmentation. However, Libor's method does not have that accuracy for this image. The Circular Hough Transform is the most intensive search as remarked in [8] . Even though, this algorithm is our first approach to iris recognition. This segmentation was Fig. 2 . Results of Iris image segmentation accurate and fast enough to keep working on it. However, computing time of the CHT is one limitation that will be improved in further work.
Our eyelash detection is base on [4] . On the other hand, we introduce the three iris region blocks to statistical study of intensity variation of the pixels which improve the eyelash detection.
Discussions and Further Work
We have shown how to extract the iris region, eliminate the reflections and remove the eyelash occlusion using statistical values. Our method is fast, straightforward to implement, and accurately for a wide variety of images from MBGC NIR eye still data base. This method explains how a Circular Hough Transform should be implemented. On one hand, after analyze the data base; this article introduces a new way to detect where the eyelashes are by dividing the iris region in three iris blocks (upper, middle and lower). Then each block is statistically evaluated and classified if that block has or not eyelashes to detect eyelash. For each detected block, this method analyzes the Gabor filter that is used to eliminate the separable eyelashes and study how much is the chance of intensity variation to eliminate multiple eyelashes. Nevertheless, our method does have some limitations, and there are several avenues for future work.
The primary limitation of our method is that computed time to find the pupil's search region be improved. The first further work will perform a histogram analysis combined with morphologic models as thinning to enhance pupil and iris segmentation. When the pupil's radius is too small close to ten pixels the segmentation method could not be accurate because the Circular Hough Transform is a voting method to find circles boundary. Where in an edge map each pixel votes. If some edge is bigger than a small pupil edge then other circle boundary will be founded instead of the pupil boundary. Other further work is that we will improve our method to analyze iris segmentation from video using the MBGC NIR eye video data base instead of the MBGC NIR eye still data base.
